Introduction
Despite the advent of new anti-microbial drugs, mortality and morbidity from adult communityacquired bacterial meningitis (ACABM) remains high.
1 The 14-3-3 proteins are conserved abundantly in the cytoplasmic fraction of mammalian neurons 2 that are in high concentrations within neuronal cells and are involved in signal transduction, cell cycle regulation and apoptosis. 3 Seven distinct isoforms (b, g, e, Z, z, s and t) and the phosphorylated forms of b and z have been reported in mammalian tissues. 4 Although only the g isoform seems to be brain-specific, the five major isoforms (b, g, e, Z, z) are found in neurons of the human cerebral cortex. 5 The presence of 14-3-3 protein and its isoform patterns in cerebrospinal fluid (CSF) results from neuronal disruption and leakage of brain proteins into the CSF. This protein is found in CSF specimens obtained from patients with several acute or subacute neurological disorders, such as CreutzfeldtJacob disease, herpes simplex encephalitis, multiple sclerosis and para-neoplastic neurologic disorders have been reported. [6] [7] [8] [9] To our knowledge, only one clinical research has focused specifically on the relationship between bacterial meningitis and CSF 14-3-3 protein level. 10 Through this prospectively designed study, we aimed to report on the relationship between serial CSF 14-3-3 protein level and therapeutic outcome in ACABM patients.
Patients and methods
This prospective study on the time course of CSF 14-3-3 protein levels in ACABM patients was conducted in a 2-year period (July 2004 -June 2006 . During this period, 29 adult (516 years of age) ACABM patients at the Chang Gung Memorial Hospital (CGMH)-Kaohsiung were enrolled. CGMH-Kaohsiung, a 2482-bed acute-care teaching hospital, is the largest medical center in Southern Taiwan that provides both primary and tertiary referral care.
In this study, the diagnostic criteria for ACABM included a positive culture result of CSF in patients with clinical presentations of bacterial meningitis, with at least one of the following parameters of purulent CSF inflammation: (i) leukocytosis with leukocyte counts 4250 Â 10 6 /l and predominant polymorphonuclear (PMN) cells; (ii) CSF glucose ratio (CSF glucose/blood glucose) <0.4; or 3) CSF glucose <2.5 mmol/l if without blood glucose. 11, 12 In patients with negative culture results, a diagnosis of acute bacterial meningitis is based on compatible clinical features and pleocytosis of at least 100 Â 10 6 PMN/l.
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For comparison, 12 aseptic meningitis patients were included as controls. The diagnostic criteria for aseptic meningitis included clinical evidence of acute meningitis such as fever, headache, or other signs of meningeal irritation, absence of any microorganism on Gram stain of CSF, negative routine bacterial culture of CSF in the absence of antibiotic treatment before obtaining the first CSF sample, and CSF parameters of leukocytosis with leukocyte counts 415 Â 10 6 /l. A small and variable increase in protein and glucose content of the CSF is normal. 13 Bacterial meningitis was characterized as either being nosocomial or community-acquired. 1, 14 'Community-acquired bacterial meningitis' was defined as bacterial meningitis contracted outside a hospital environment. Patients were enrolled in this study only if full written informed consent was obtained from the patients or their families. Informed consent was obtained from all of the study subjects. The study protocol was approved by Chang Gung Memorial Hospital's Institutional Review Committee on Human Research. A Total of 28 patients, including 7 with a history of head trauma and skull fracture and 21 with neuro-surgical procedures were excluded.
In every patient, lumbar puncture was performed at the time of admission and CSF specimens were analyzed for pathogen culture, cell count and levels of protein, lactate, glucose and 14-3-3 protein isoforms (b, g, e, Z and z). Follow-up CSF studies in most patients were fixed for Day 4, Week 2 (Days 10-14) and Week 3 (Days 20-24) after admission. To detect 14-3-3 protein in CSF, we initially analyzed CSF using polyclonal rabbit antibodies (Santa Cruz Biotechnology, Santa Cruz, CA, USA), which react to the common epitopes of all of the 14-3-3 isoforms (pan 14-3-3). Commercially available antibodies for 14-3-3 b, 14-3-3 Z, 14-3-3 z, 14-3-3 e and 14-3-3 g (Santa Cruz Biotechnology, Santa Cruz, CA, USA) were also evaluated. Procedural details have been described previously. 10 An aliquot of 20 ml of CSF specimens were loaded onto a 10-15% polyacrylamide gel and transferred to polyvinylidene difluoride membranes. The membranes were reacted with pan 14-3-3 antibodies and the isoform-specific antibodies (0.2 mg/ml for SC-629 pan 14-3-3 and 0.4 mg/ml for 14-3-3 b, g, e, Z and z) at 4 C overnight. The membranes were incubated with 1:5000 dilutions of horseradish peroxidase (HRP)-conjugated anti-rabbit or anti-goat immunoglobulin G (Santa Cruz Biotechnology). The blots were developed using an enhanced chemiluminescent system. Densitometric values of each sample were obtained with a computer-assisted laser scanner, after correction for the background, and the content was assessed by densitometry using ImageQuant 3.3 (molecular Dynamic, Sunnydale, CA). The total amount of 14-3-3 protein as quantified from each CSF sample was expressed in arbitrary units.
Three separate statistical analyses were performed. First, data for CSF WBC count and levels of protein, lactate, glucose and pan-CSF 14-3-3 (14-3-3-P) protein and isoform (b, g, e, Z and z) levels on admission were logarithmically transformed to improve normality and comparison with the aseptic meningitis group was made using the independent t-test. Second, data of the bacterial meningitis patients for age, CSF lactate, protein and glucose levels, WBC counts and pan-CSF 14-3-3 (14-3-3-P) protein and isoform (b, g, e, Z and z) levels at the time of admission between the fatal and non-fatal groups were logarithmically transformed to improve normality and were compared using Student's t-test. Data of clinical manifestations between the fatal and non-fatal groups were analyzed by means of Chi-square test or Fisher's exact test. Third, stepwise logistic regression was used to evaluate the relationship between CSF parameter and therapeutic outcomes, with adjustments made for other potential confounding factors. Variables with a zero cell count in a 2-by-2 table were eliminated from logistic analysis, while only variables with a strong association with fatality rate (P < 0.05) were included in the final model.
Receiver operating characteristic (ROC) curves were generated for CSF 14-3-3 g isoform, CSF Glucose/blood glucose ratio and CSF White cell count. The areas under the ROC curves were calculated for each parameter and compared. All of the statistical analyses were conducted using the SAS software package, version 9.1 (2002, SAS Statistical Institute, Cary, North Carolina).
Results

Baseline characteristics of the study patients
The baseline characteristics of the 29 adult ACABM cases and 12 aseptic meningitis patients are listed in Table 1 . Of the ACABM cases, 22 had one or more underlying disease. Regarding causative pathogens, Gram-negative bacilli were the most prevalent, followed by Streptococcus and Staphylococcus species.
Time course of CSF 14-3-3 proteins
Both bacterial and aseptic meningitis patients had positive results on admission. The time course of CSF white cell count and levels of protein, lactate, glucose, white cell count and pan-14-3-3 proteins and isoforms (b, g, e, Z and z) in patients with community-acquired bacterial meningitis are listed in Table 2 . The median value [interquartile range (IQR)] of pan-CSF 14-3-3 (14-3-3-P) proteins and CSF 14-3-3 b, CSF 14-3-3 g, CSF 14-3-3 e, CSF 14-3-3 Z and CSF 14-3-3 z isoforms on admission of the bacterial meningitis group were 173.7 (83.3, 342. The median value of pan-CSF 14-3-3 (14-3-3-P) proteins and its five isoforms on admission in the bacterial meningitis and aseptic meningitis groups are shown as a box-plot in Figure 1 . Levels of CSF 14-3-3 protein on admission between the bacterial and aseptic meningitis groups revealed the following significant findings: CSF 14-3-3-P proteins (P ¼ 0.049), CSF 14-3-3 g isoform (P ¼ 0.032), CSF 14-3-3 Z isoform (P ¼ 0.028) and CSF 14-3-3 e isoform (P ¼ 0.04) (independent t-test, two-sided, data were logarithmically transformed to improve normality). Furthermore, the levels of CSF 14-3-3 protein in ACABM cases were significantly increased initially, and substantially decreased thereafter ( Table 2) .
Outcome and CSF 14-3-3 proteins
Regarding therapeutic outcome, 25 cases survived and four died of meningitis. At the time of final CSF study before discharge, the median value (IQR) of CSF 14-3-3-P protein and CSF 14-3-3 b, CSF 14-3-3 g, CSF 14-3-3 e, CSF 14-3-3 Z and CSF 14-3-3 z isoforms among survivors were 0 (0, 25. Furthermore, before discharge, we compared the last CSF 14-3-3 protein levels between the fatal and non-fatal groups of the 29 adult ACABM cases. The statistical results revealed that the CSF 14-3-3 g isoform in the fatal group was significantly higher than that in the non-fatal group (P ¼ 0.004, independent t-test, two-side, data were logarithmically transformed to improve normality).
Outcome and prognostic factors
The potential prognostic factors of the 29 ACABM patients at the 3-month end-point are listed in Table 3 . Statistical analysis of the clinical manifestations, laboratory data and neuro-imaging studies between the fatal and non-fatal groups revealed the following significant findings: CSF Glucose/blood glucose ratio (P ¼ 0.04), CSF White cell count (P ¼ 0.007) and CSF 14-3-3 g isoform (P ¼ 0.03). Only the CSF parameter at the time of admission of bacterial meningitis patients were logarithmically transformed to improve normality and then compared with aseptic meningitis patients by using the independent t-test. The data of patients with bacterial meningitis on Day4, Week 2 and Week 3 are given, although no statistical analysis was performed. Figure 1 . The mean values of pan-CSF 14-3-3 (14-3-3-P) protein and its five major isoforms (b, g, e, Z and z) levels between bacterial and aseptic meningitis at the time of admission. § P ¼ 0.049, bacterial meningitis vs. aseptic meningitis groups; k P ¼ 0.032, bacterial meningitis vs. aseptic meningitis groups; l P ¼ 0.028, bacterial meningitis vs. aseptic meningitis groups; x P ¼ 0.04, bacterial meningitis vs. aseptic meningitis groups.
The variables used in the logistic regression included CSF Glucose/blood glucose ratio, CSF White cell count and CSF 14-3-3 g isoform. After analysis of the above-mentioned variables, only CSF 14-3-3 g isoform at the time of admission (P ¼ 0.05, OR ¼ 0.991, 95% CI ¼ 0.982-1.00) was independently associated with outcome. Furthermore, the area under the ROC curve for CSF 14-3-3 g isoform, CSF Glucose/blood glucose ratio and CSF White cell count were 0.85 (P ¼ 0.027, 95% CI ¼ 0.68-1.02), 0.78 (P ¼ 0.076, 95% CI ¼ 0.51-1.06) and 0.83 (P ¼ 0.037, 95% CI ¼ 0.63-1.03), respectively. Thus, this model discriminated well between patients who survived and those who did not.
Discussion
The 14-3-3 proteins have been shown to interact with various protein kinases, receptor proteins, enzymes, structural and cytoskeletal proteins, proteins involved in cell cycle and transcriptional control and proteins involved in apoptosis. 15 In addition to their possible role in neuronal function, 14-3-3 proteins have recently attracted much interest due to their possible involvement in the pathophysiology of various neurologic disorders. [6] [7] [8] [9] One study indicates that the presence of 14-3-3 proteins in CSF may be due to the extensive destruction of brain tissue and leakage of normal cellular proteins into the CSF. 16 Other studies have confirmed this hypothesis by detecting 14-3-3 proteins in patients with various neurologic disorders involving massive neural disruption and leakage of normal cellular proteins. [6] [7] [8] [9] In the present study, we examined the time course of CSF 14-3-3 proteins levels and its isoform in ACABM patients, and produced four major findings. First, all of the meningitis patients investigated had a positive result on admission and the levels of 14-3-3-P and 14-3-3 g isoform, CSF 14-3-3 Z isoform and CSF 14-3-3 e isoform in the bacterial meningitis group was significantly higher than those of the aseptic meningitis group. Second, the level of CSF 14-3-3 protein in the ACABM cases was significantly increased and then substantially decreased thereafter. Third, most of those who survived nearly cleared the 14-3-3 protein from the CSF before hospital discharge. Finally, 14-3-3 protein g isoform levels on admission and before hospital discharge between those who survived and those who did not were statistically significant. Although the sample size was not large, the numbers of variables considered for multiple logistic regression analysis was small. Furthermore, based on stepwise procedures, only one variable was selected as the important variable predicting outcome. Nonetheless, the maximum likelihood estimates of the coefficients were valid in the analysis.
In the patients who recovered, clearance of the 14-3-3 protein occurred before the other CSF parameters returned to normal levels, which suggests that 14-3-3 protein clearance may actually be the earliest CSF parameter to provide a distinct, reliable and favorable prognostic sign. Accordingly, in terms of pathophysiology, these findings also suggest that neuronal loss may actually cease before inflammatory markers decrease.
There are two main limitations in this study. First, inadequate isoform specificity of the commercially available antibodies used may have caused differences in isoform patterns. Improvement in terms of isoform specificity of the antibodies may provide more reliable results. 17 Second, levels of CSF 14-3-3 protein isoform measured in this study were semiquantitatively using western immuno-blotting. This justifies establishing alternative methods, like enzyme-linked immunosorbent assay (ELISA) procedures that will allow high-capacity screening and precise quantification. The use of isoform-specific ELISA should further improve the diagnostic specificity of 14-3-3 in CSF as a surrogate marker for neurologic disorders. 18 On the basis of our results, serial 14-3-3 protein g isoform seems to meet the major requirement for outcome prediction in the treatment of ACABM. The 14-3-3 protein assay can be considered as a neuro-pathologic marker that should be added to the panel of conventional CSF parameters.
